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0 Method and apparatus of suspension polymerization. 



@ A method of suspension polymerization of a 
monomeric composition to produce a polymer or a 
polymer composition is disclosed which method 
comprises the steps of retaining a disperse phase 
component composed of the monomeric composi- 
tion and a continuous phase component composed 
of a medium in independent vessels, supplying, the 
disperse phase component and the continuous 
phase component from their respective vessels into 



a disperser simultaneously and continuously through 
associated independent passageways, applying 
shear force in the disperser to form a dispersion 
having droplets of a desired size, subsequently in- 
troducing the dispersion into a polymerization ves- 
sel, and completing a polymerizating reaction to 
produce a polymer or a polymer composition. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
producing the particles of polymerization products, 
particularly those having controlled particle sizes 
and size distributions, that are suitable for use in 
the powder making industry as exemplified by gap 
retainers, slip imparting agents, functional carriers, 
monodispersed particles having surface activity, 
standard particles, toners, and functional fillers that 
control the fluidity and gloss characteristics of 
paints. More particularly, the present invention re- 
lates to an improved process for producing par- 
ticles with a size of 5 - 50 ^m by suspension 
polymerization. 

The importance of powder making technology 
which takes advantage of the various functions of 
particles per se is increasingly recognized these 
days. Among the particles produced by this tech- 
nology are gap retainers, slip imparting agents, 
functional carriers, monodispersed particles having 
surface activity, standard particles, toners, and 
functional fillers that control the fluidity and gloss 
characteristics of paints. In order to produce these 
particles by polymerization, emulsion polymeriza- 
tion is used most commonly today. In speciality 
applications, other methods of polymerization are 
employed, such as soap-free polymerization, dis- 
persion polymerization, seed polymerization and 
swelling polymerization. 

However, these methods of polymerization 
have several defects. For example, considerable 
difficulty is involved in removing non-negligible im- 
purities such as emulsifiers. Second, the size of 
particles that can be produced is limited. Third, the 
production cost is exorbitant. Fourth, these meth- 
ods are too complex to be suitable for large-scale 
production. Particles having a narrow size distribu- 
tion are in most cases produced by emulsion poly- 
merization but the size of particles that can be 
produced by this method is only about 1 /<m at 
maximum and producing larger particles is ex- 
tremely difficult. 

Suspension polymerization is also capable of 
producing particles by the only products obtained 
so far are nonuniform in particle size and have a 
broad particle size distribution. Since particle size 
and size distribution are closely related to the per- 
formance of polymer products in such aspects as 
mechanical strength, chemical resistance, color, 
transparency and moldability, improvements in 
those factors are desired. In suspension polymer- 
ization, the liquid droplets dispersed under agitation 
have various sizes and during dispersion they are 
subjected to repeated breadkup and coalescence 
to produce particles having an extremely broad 
size distribution. For this reason, it is said to be 
very difficult to produce by suspension polymeriza- 



tion those particles which have as narrow a size 
distribution as monodispersed particles. Under 
these circumstances, one of the important objec- 
tives in the powder making industry is to establish 
s a simple technique of suspension polymerization 
that is capable of producing homogeneous par- 
ticles. 

The mechanism by which particles are pro- 
duced by suspension polymerization is as follows. 

10 A disperse phase which should be separated from 
a continuous phase at rest is broken up by applied 
energy such as agitation to form droplets that are 
dispersed in the continuous phase. The droplets, if 
they are left as they are, are generally unstable 

75 and undergo repeated breadkup and coalescence, 
but eventually they are supplied with energy such 
as heat to be polymerized to form rigid and stable 
particles that are no longer capable of breadkup 
and coalescence. Therefore, in order to control the 

20 size of particles produced by suspension poly- 
merization, one may control in some way the size 
of the droplets and the process of their breadkup 
and coalescence. In fact, however, there are many 
factors that, relate to the size of the droplets, such 

25 as the characteristics of a disperser (which is 
hereinafter referred to as a "granulator"), its con- 
struction, shape, rotational speed, size, or the size 
and shape of the reaction vessel, the amount in 
which the reaction solution is charged, or the ratio 

30 between disperse and continuous phases in the 
reaction solution, its viscosity, as well as the type 
and amount of a dispersant used, and it is prac- 
tically impossible, to control all of these factors in a 
desired way. Therefore, in practice, some of these 

35 factors have to be fixed so that suitable conditions 
for producing desired particles are determined with 
the other factors being varied. . 

However, this approach depends so much 
upon a trial-and-error basis that it is not readily 

40 adaptable to design changes such as scale-up of 
the process. This is a serious obstacle to the 
production of desired particles and the process 
lacks flexibility, particularly for the purpose of pro- 
ducing particles that are to be used in powder 

45 form. 

The present invention has been accomplished 
under these circumstances and has as an object 
providing a method of suspension polymerization 
that is capable of producing smaller particles with 
50 their size distribution being controlled in an easy 
way. 

SUMMARY OF THE INVENTION 

55 . As a result of the intensive studies conducted 
in order to solve the aforementioned problems of 
the prior art, the present inventors found a new 
method of production that could solve those prob- 
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lems in a simple way. 

The present invention relates generally to a 
method of suspension polymerization comprising 
the step in which a disperse phase composed of 
an addition polymerizable monomeric composition 
and a continuous phase containing a suspension 
stabilizer and other necessary dispersive aids are 
respectively retained in independent vessels and 
are supplied continuously into a granulator in con- 
trolled proportions through associated independent 
passageways to forma suspension having a group 
of polymerizable droplets of a desired size, and the 
step of recovering the suspension from the 
granulator and supplying it into a polymerization 
vessel in which a polymerization reaction is com- 
pleted to produce a polymer. The method is char- 
acterized in that the disperse continuous phases 
are supplied independently into a shear force gen- 
erating field within the granulator, where a suspen- 
sion is formed by shear force and allowed to leave 
the shear force generating field through a clear- 
ance of a specified size provided in that field, 
whereby the suspension having a group of poly- 
merizable droplets of a desired size is produced. 

In the method described above, the granulator 
generates shear force with a rotating part that pref- 
erably rotates at a speed of 3,000 - 50,000 rpm, 
more preferably at 10,000 - 30,000 rpm. The rotat- 
ing part that generates shear force in the granulator 
is spaced from the stationary part by a gap of 
preferably 0.01 - 5.0 mm, more preferably 0.05 - 
2.0 mm. 

The present invention is described below in 
greater detail. 

Needless to say, in order to control the size of 
particles produced by suspension polymerization, it 
is important to control the size of droplets under- 
going polymerization reaction. The droplets are 
broken up by turbulent energy due to the agitation 
of the reaction solution or by the shear force of 
agitating blades. On the other hand, the droplets 
coalesce upon mutual contactJThe final size of 
droplets is determined by the balance between 
these processes of breadkup and coalescence. As 
regards breadkup, the present inventors studies 
various methods for producing droplets having a 
size range not greater than 50 pm and found that 
the impact (shear force) created by blades in the 
dispersing apparatus was a predominant factor in 
controlling the size of droplets. The size of droplets 
formed by breadkup under the impact of blades 
depends on such factors as the state of droplets 
before breadkup, the intensity of shear force and 
the number of shear cycles. Droplets are subjected 
to shear force of the same strength irrespective of 
their size, so large droplets are broken up into 
smaller sizes under shear force but even , if small 
droplets are supplied into an area where shear 



force is applied, they are further broken up into 
even smaller sizes until they are eventually emul- 
sified. The emulsified components can no longer 
coalesce to form large particles and they are sim- 

5 ply wasted (loss). In ordinary dispersers, droplets 
carried by circulating streams produced under agi- 
tation are broken up into smaller sizes when they 
pass through the shear region; at the same time, 
those droplets may also be broken up into smaller 

70 sizes by turbulent energy in a turbulent field cre- 
ated throughout the apparatus. However, the move- 
ment of droplets flowing within the apparatus is 
close to a random movement, so the generated 
droplets are likely to have a larger diameter dis- 

75 tribution. Therefore, in order to achieve optimal 
control of particle size distribution, it is important 
that all droplets of interest be exposed to shear 
force under as equal conditions as possible and 
that a dispersion to be dispersed having a constant 

20 state should be supplied to the area of a dispersing 
apparatus where shear force is applied. 

As regards the coalescence of droplets, it is 
considered to occur as a result of mutual contact of 
droplets. Generally, the smaller the size of par- 

25 tides, the greater the surface energy per unit vol- 
ume and the stabler the particles that are available, 
further, the factor that contributes to a broader size 
distribution is the presence of both large and small 
particles in the same system. Small particles tend 

30 to be absorbed by large particles with which they 
collide. However, in order to make particles suffi- 
ciently small to have an adequately stable inter- 
facial energy, a correspondingly large energy must 
be supplied, so it is effective to divide the particles 

35 as they are concentrated in a small shear region. In 
addition, it is essential to provide a condition that 
insures regular breadkup in such a way that shear 
force will be applied uniformly to all the particles 
present 

40 The present invention has bee accomplished 
on the basis of these observations. In accordance 
with the present invention, a disperse phase and a 
continuous phase are supplied via independent 
passages directly into a shear force producing field 

45 (shear region) in a dispersing apparatus at desired 
flow rates in specified proportions and the two 
phases, as they are mixed together under applied 
shear force, are dispersed to form droplets. In this 
instance, dispersing conditions such as the amount 

so of droplets that pass through the shear region, their 
size and the ratio of disperse to continuous phase 
are placed under precise control to insure that both 
the disperse phase and continuous phases (phase 
ratio) are subjected to shear force under conditions 

55 that are kept constant, whereby droplets having a 
narrow size distribution are obtained. If particles of 
the desired size cannot be obtained by a single 
passage through the shear region, another dispers- 
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ing apparatus may be provided so that the disper- 
sion that passed through the first dispersing ap- 
paratus is passed through the second apparatus. In 
other words, the process described above may be 
repeated as many times as required. 

The granulator to be used in the present inven- 
tion is described below more specifically. For effi- 
cient production of fine particles, it is particularly 
important to control the shear region of the granula- 
tor. 

A field of shear force generation in granulators 
is generally composed of a stationary part (stator) 
and a rotating part (rotor). It should, however, be 
mentioned that the part corresponding to the sta- 
tionary part may be designed to be rotatable with a 
view to improving the efficiency of dispersion. In 
any case, the field of shear force generation which 
is necessary to disperse a dispersion may be re- 
garded to lie in the gap between the stationary and 
rotating parts. In ordinary granulators, rotating 
blades as in a turbine are used as the rotating part, 
and the field of shear force generation which is 
needed to form the perticles of 50 /*m or less is 
provided by the gap between the periphery of 
turbine blades and the stationary part. Hence, the 
area over which shear force is generated is deter- 
mined by a cross-sectional area of the turbine 
blades and it is difficult to increase of otherwise 
adjust that area. Further, the stationary part is usu- 
ally provided with a liquid passage area, or a space 
that aids in fluid passage. Since no effective shear 
force is generated in this space, it is another factor 
that prevents effective granulation. Furthermore, 
this passage area is unable to prevent the pres- 
ence of a solution to be granulated that fails 
stochastically to pass through the shear region in a 
satisfactory way during granulation. Therefore, the 
particles granulated with ordinary granulators have 
such a rough grain size distribution that more 
grains are present on the side of larger size. As a 
consequence, the rough grain size distribution of 
such particles has a tendency to broaden, which is 
by no means desirable for the purpose of obtaining 
particles having a narrow size distribution. 

The present inventors made intensive efforts to 
solve these problems and found that when using a 
granulator in which the space for the field of shear 
force generation was made comparatively small 
and in which said field had a specified clearance 
(for restricting the size of droplets) through which 
the dispersion to be granulated that consisted of a 
disperse phase and a continuous phase had to 
pass by all means, fine particles having a narrow 
side distribution could be produced in a very effec- 
tive way. The width of the clearance through which 
the dispersion is discharged can be adjusted to an 
optimal vaJue in accordance with the desired aver- 
age particle size or the desired spread of size 



distribution, whereby particles having the desired 
size and distribution can always be obtained. 

The present inventors conducted further stud- 
ies on the method of suspension polymerization of 

5 their own. As a result, they found that when a 
tubular rotating part having a smooth outer surface 
was used in a disperser in combination with a 
stationary part that had substantially the same in- 
ternal shape as that rotating part in order to im- 

10 prove the efficiency of shearing action, an effective 
shear field was formed, thereby enabling fine par- 
ticles of a narrow size distribution to be produced 
in a very effective manner. 

The method of another aspect of the present 

15 invention generally relates to suspension polymer- 
ization of a monomeric composition to produce a 
polymer or a polymer composition and this method 
comprises the steps of retaining a disperse phase 
component composed of the monomeric composi- 

20 tion and a continuous phase component composed 
of a medium in independent vessels, supplying the 
disperse and continuous phase components from 
their respective vessels into a disperser simulta- 
neously and continuously through associated in- 

25 dependent passageways, applying shear force in 
said disperser to form a dispersion having droplets 
of a desired size, subsequently introducing the 
resulting dispersion into a polymerization vessel, 
and completing a polymerization reaction to pro- 

30 duce a polymer or a polymer composition. The 
method is characterized in that the disperser com- 
prises a stationary part having a smooth inner 
surface and a tubular rotating part that is rotatably 
provided within the stationary part and that has a 

35 smooth outer surface. 

The term "a tubular rotating part having a 
smooth outer surface" as used herein means a 
tubular rotating part having a flat surface that is not 
provided with any particular asperities, and the 

40 same applies to the "stationary part having a 
smooth inner surface". 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a schematic view showing the method 

45 of the present invention; 

Fig. 2 is a cross-sectional view showing an 
example of the granulator that can be used in 
the method of the present invention; 
Rg. 3 is a graph showing the size distribution of 

so the polymer particles produced in Example 1 ; 

Fig. 4 is a graph showing the size distribution of 
the polymer particles produced in Comparative 
Example 1 K 

Fig. 5 is a graph showing the size distribution of 
55 the polymer particles produced in Example 2; 

Rg. 6 is a graph showing the size distribution of 
the polymer particles produced in Comparative 
Example 2; 
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Fig. 7 is a longitudinal section of the disperser 

for use in the present invention; 

Fig. 8 is a graph showing the size distribution of 

the polymer particles produced in Example 3; 

Fig. 9 is a graph showing the size distribution of 

the polymer particles produced in Example 4; 

and 

Figs. 10 to 12 show modifications according to 

the present invention. 
DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The method of suspension polymerization of 
the present invention is described below with refer- 
ence to the accompanying drawings. 

As shown in Fig. 1, the apparatus to be used in 
the practice of the present invention comprises a 
vessel 1 containing a continuous phase and a ves- 
sel 2 containing a disperse phase and equipped 
with a condenser 6, and the continuous and dis- 
perse phases are simultaneously supplied in speci- 
fied proportions into a granulator via associated 
metering pumps 4. In the granulator 5, the disperse 
phase is suspended in the continuous phase under 
applied shear force, so that droplets of sizes in a 
certain range are produced, the suspension is dis- 
charged from the granulator 5 and directed into a 
reaction vessel 3 equipped with a condenser 6 and 
surrounded with a heating jacket 7. With the neces- 
sary heat being supplied from the jacket 7, a 
reaction polymerization is a completed to produce 
small and uniformly sized particles having a narrow 
distribution. 

An example of the granulator 5 is shown in Rg. 
2. It has two inlets 9 and 10 in the bottom of a 
casing 8 through which the disperse phase and the 
continuous phase are respectively introduced into a 
shear force generating field 11. The shear force 
generating field 11 is composed of a stationary part 
12 that is positioned below a rotating part 13 with a 
small gap provided therebetween. The surface of 
the shear force generating field is provided with 
random asperities having a height of 2 - 3 mm. 

The rotating part 13 is rotated by means of a 
shaft 14 to produce a suspension by shear force 
within the shear force generating field 11. Both 
ends* of the shear force generating field are pro- 
vided with a clearance 15 of no more than about 
1.8 mm which serves to restrict the discharge of 
suspension. The dispersion (suspension) passing 
through this clearance is discharged at an outlet 16 
in the upper part of the granulator to be guided into 
the reaction vessel 3. 

By the procedure described above, polymer 
particles not larger than 30 ^m that have been 
considered to be difficult to produce by the prior 
art can be easily manufactured on an industrial 
scale. As a particular advantage, fine particles as 



small as 2 - 3 pm can be manufactured by the 
method of the present invention. 

If the polymer particles become increasingly 
viscous as the suspension polymerization proceeds 
5 in the reaction vessel, the adhesive force of the 
particles will increase and even if agitation is per- 
formed, coalescence of those particles cannot be 
prevented; as a result, the particles will either grow 
in size or gel. In order to prevent these phenom- 
w ena, suspension stabilizers and other aids are pref- 
erably used. 

The materials that are used in performing sus- 
pension polymerization in accordance with the 
present invention are described below. 

75 

Suspension stabilizer 

Suspension stabilizers that are commonly used 
in suspension polymerization are water-soluble 

20 polymers having both a hydrophilic and a hydro- 
phobic group in the molecule. Suspension, stabiliz- 
ers are those compounds in which polar groups 
such as a hydroxy I group, a carboxyl group or a 
salt thereof, and a sulfone group or a salt thereof 

25 are present as hydrophilic groups and nonpolar 
groups such as an aliphatic group and an aromatic 
group are present as hydrophilic groups and which 
are capable of stabilizing the granulated particles of 
polymeric composition by preventing their coales- 

30 cence. 

Examples of such suspension stabilizers in- 
clude polyvinyl alcohol, casein, gelatin, cellulosic 
derivatives such as methyl cellulose, methylhydrox- 
ypropyl cellulose and ethyl cellulose, starch and its 

35 derivatives, poly(meth)acrylic acid and salts there- 
of. Inorganic powders such as calcium phosphate 
powder and a fine silica powder are also often used 
as suspension stabilizers. These suspension stabi- 
lizers cover the surfaces of droplets so that they 

40 will not coalesce or agglomerate during polymer- 
ization. If desired, surfactants such as sodium 
dodecylsulfonate and sodium dodecylbenzenesul- 
fonate may be added as aids for suspension stabi- 
lizer. 

45 

Pigment and polymerizable monomer 

The polymerizable monomers to be used in the 
present invention may be subjected to polymeriza- 

so tion reaction in the presence of additives such as 
pigments. For example, if pigments such as carbon 
black is added to the polymerizable monomers, 
they can be readily used in the manufacture of 
electrophotographic toners. 

55 Polymerizable monomers that can be used in 
the present invention include vinyl monomers such 
as styrene, a-methylstyrene, divinylbenzene, ac- 
rylonitrile, acrylate esters and methacrylate esters 
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and/or mixtures thereof. 

Polymerization initiator 

Polymerization initiators that can be used in the 
present invention are those which are commonly 
used in the radical polymerization of vinyl mon- 
omers, as exemplified by organic peroxides such 
as benzoyl peroxide and butyl perbenzoate, and 
azo compounds such as azobisisobutyronitrile. 
These polymerization initiators may be used as 
dissolved in a solution of the polymerizable mon- 
omers described above. These polymerization in- 
itiators are usually added in an amount of ca. 0.1 - 
10 %, preferably 0.5 - 5 %, of the weight of the 
polymerizable mixture. 

Examples 

The following examples and comparative ex- 
amples are provided for the purpose of further 
* illustrating the present invention but are in no way 
to be taken as limiting the invention. 

Example 1 

A solution as a continuous phase was prepared 
by dissolving polyvinyl alcohol (product of Tokyo 
Kasei K.K.; degree of polymerization, ca. 2,000; 
degree of saponification, ca. 80 %) and sodium 
sulfate in water in respective amounts of 1 % and 3 
% of water. The thus prepared continuous phase 
was charged into the container 1 shown in Fig. 1 . A 
disperse phase was prepared by dissolving 15 g of 
2,2'-azobisisobutyronitrile in a mixture of styrene 
(400 g) and butyl acrylate (100 g) and charged into 
the container 2 shown in Fig. 1. 

In the next step, the disperse phase of the 
monomeric composition and the continuous phase 
were supplied into the granulator 5 shown in Fig. 2 
at respective flow rates of 100 ml/min and 400 
ml/min. The granulator was run at a rotational 
speed of 9,000 rpm, with the rotor 11 having a 
diameter of 50 mm. By this treatment in the 
granulator of the continuous and disperse phases 
that were supplied in the proportions specified 
above, a dispersion was obtained at the outlet of 
the granulator and that contained fine and uniformly 
sized droplets of the polymerizable monomers. The 
dispersion was then directed into the polymeriza- 
tion reactor 3 equipped with a turbine impeller. The 
inside of the polymerization reactor had been filled 
with nitrogen gas and with agitation by means of 
the turbine impeller at 300 rpm, polymerization was 
performed for 8 hours. The end point of poly- 
merization was confirmed by the usual method 
adopted in suspension polymerization. 

The polymer composition thus obtained wad 



cooled, filtered, washed thoroughly with water and 
centrifuged to produce a slurry of polymer par- 
ticles. 

The size of the polymer particles was mea- 
5 sured with a Coulter counter (aperture, 100 pm and 
the results are shown by a size-frequency curve in 
Fig. 3. As shown, the polymer particles obtained in 
Example 1 had a narrow size distribution, with the 
frequency of occurrence being the highest for par- 
70 tides having a size of ca. 5.5 /<m. 

Comparative Example 1 

Suspension polymerization was performed as 
/5 in Example 1 except that the rotor in the granulator 
was a turbine impeller consisting of four blades. 

The size of the polymer particles obtained was 
measured with a Coulter counter (aperture, 100 
/im) and the results are shown by a size-frequency 
20 curve in Fig. 4. As shown, the frequency of occur- 
rence was the highest for particles having sizes of 
ca. 7.0 - 8.0 fim but the polymer particles obtained 
in Comparative Example 1 had a broader size 
distribution than those obtained in Example 1. 

25 

Example 2 

A solution as a continuous phase was prepared 
by dissolving calcium phosphate and sodium 

30 dodecylsulfonate in water in respective amounts of 
3 % and 0.03 % of water. The thus prepared 
continuous phase was charged into the container 1 
shown in Fig. 1. A disperse phase was prepared by 
dissolving 15 g of 2,2 , -azobisisobutyronitrile in a 

35 mixture of styrene (400 g) and butyl acrylate (15 g) 
and charged into the container 2 shown in Fig. 1. 
The subsequent procedures were the same as in 
Example 1 . 

The size of the polymer particles obtained was 
40 measured with a Coulter counter (aperture, 100 
^m) and the results are shown by a size-frequency 
curve in Fig. 5. As shown, the polymer particles 
obtained in Example 2 had a narrow size distribu- 
tion, with the frequency of occurrence being the 
45 highest for particles having a size of ca. 5.5 ^m. 

Comparative example 2 

Suspension polymerization was performed as 
so in Example 2 except that the rotor in the granulator 
was a turbine impeller consisting of four blades. 

The size of the polymer particles obtained was 
measured with a Coulter counter (aperture, 100 
fim) and the results are shown by a size-frequency 
55 curve in Fig. 6. As shown, the frequency of occur- 
rence was the highest for particles having sizes of 
ca. 6 - 7 urn but the polymer particles obtained in 
Comparative Example 2 had a broader size dis- 
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tribution than those obtained in Examples 1 and 2. 

As is clear from the foregoing description, the 
granulator used in implementing the method of 
suspension polymerization of the present invention 
has a precise and uniform shear force generating 
field between the rotating and stationary parts and 
fine droplets are produced by the strong forces of 
shear that are generated in said field. Further, only 
the droplets that leave the shear force generating 
field for passing through a small clearance of a 
predetermined size are supplied into the polymer- 
ization vessel Since the droplets fed into the poly- 
merization vessel are free from coalescence, poly- 
mer particles having a narrow size distribution can 
be easily produced with size ranging distribution 
can be easily produced with sizes ranging from ca. 
30 fim down to as small as 2 - 3 ^m. 

Another embodiment of the present invention is 
described beiow in greater detail with reference to 
Figs. 7 to 11. 

In this embodiment, substantially the same ap- 
paratus as that shown in Fig. 1 is used except for 
the disperser structure. 

Fig. 7 is a schematic longitudinal section show- 
ing an example of the disperser that can be sued 
in this embodiment. Shown by 111 is a rotating 
turbine shaft having at its end the smooth-surfaced 
tubular rotating part 115. The shaft 111 is retained 
liquid-tight by means of an agitation seal 112. The 
stator 114 having an inner surface for defining an 
internal space is secured to the casing of the 
disperser. The tubular rotating part 115 is provided 
rotatably in the internal space of the stator. Shown 
by 113 is an outlet for dispersion, 116 is an inlet for 
the continuous phase, 117 is an inlet for the dis- 
perse phase, and 118 is the gap in which the 
dispersion is to be formed. 

The method of this embodiment is implement- 
ed by the following procedure. A continuous phase 
component composed of a medium is retained in 
the vessel 1 whereas a disperse phase component 
composed of a monomelic composition is retained 
in the vessel 2. The two components are supplied 
simultaneously and continuously through indepen- 
dent passageways into an area close to the shear 
region in the disperser 5 by driving metering 
pumps 4 provided in those passageways. 

The continuous phase component introduced 
into the disperser 5 at inlet 116 and the disperse 
phase component introduced at inlet 117 are sub- 
jected to shear force as they pass through the gap 
118 between the tubular rotating part 115 and the 
stator 114, whereby a dispersion is formed that 
consists of the disperse phase and the continuous 
phase. The thus formed dispersion is discharged 
from the disperser at outlet 113 and sent to the 
reaction vessel 3 via a passageway. Suspension 
polymerization is carried out in the reaction vessel 



3 in the usual manner. 

The tubular rotating part in the disperser shown 
in Fig. 7 is tapered but it may have other shapes. 

The tubular rotating part preferably has a 
5 length of at least 10 mm. The gap between the 
outer surface of the rotating part and the inner 
surface of the stationary part is preferably adjusted 
to lie within the range of 0.01 - 5.0 mm, more 
preferably 0.05 - 2.0 mm. The tubular rotating part 
to is preferably rotated at a revolution speed of 3,000 
- 50,000 rpm, more preferably at 10,000 - 30,000 
rpm. 

In the present invention, the disperse phase 
component and the continuous phase component 

75 are supplied simultaneously into the disperser at 
predetermined flow rates and, in the disperser. 
they are subjected to shear force in the narrow gap 
between the tubular rotating part and the stationary 
part, whereby the efficiency of shearing action is 

20 improved. Further, dispersing conditions such as 
the amount of droplets that pass through the shear 
region, their size and the ratio of disperse to con- 
tinuous phase are placed under precise control to 
insure that both the disperse and continuous 

25 phases are subjected to shear force under con- 
ditions that are kept constant whereby a dispersion 
comprising droplets of a narrow size distribution 
are obtained. 

If particles of the desired size cannot be ob- 

30 tained by a single passage through the shear re- 
gion, another disperser may be provided so that 
the dispersion that passed through the first dis- 
perser is passed through the second disperser. In 
other words, the process described in the previous 

35 paragraphs may be repeated as many times as 
required. 

Also in this embodiment, a suspension stabi- 
lizer is preferably incorporated in the continuous 
phase. 

40 As mentioned in connection with the first em- 
bodiment, suspension stabilizers that are common- 
ly used in suspension polymerization are surface 
active materials having both a hydrophilic group 
and hydrophobic group in the molecule. Such sur- 

45 face active materials are those compounds in 
which polar groups such as a hydroxy! group, a 
carboxyl group or a salt thereof, and a sutfone 
group or a salt thereof are present as hydrophilic 
groups and nonpolar groups such as aliphatic and 

50 aromatic groups are present as hydrophobic 
groups and which are capable of stabilizing the 
dispersed droplets by preventing their coales- 
cence. 

Examples of such suspension stabilizers in- 
55 elude polyvinyl alcohol, casein, gelatin, cellulosic 
derivatives such as methyl cellulose, methylhydrox- 
ypropyl cellulose and ethyl cellulose, starch and its 
derivatives, poly(meth)acrylic acid and salts there- 
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of. Inorganic powder such as calcium phosphate 
powder and a fine silica powder are also often used 
as suspension stabilizers. These suspension stabi- 
lizers cover the surfaces of droplets so that they 
will not coalesce or agglomerate during polymer- 
ization. 

If desired, neutral salts such as sodium chlo- 
ride and sodium sulfate or surfactants such as vinyl 
benzoate, sodium dodecy (sulfonate and sodium 
dodecylbenzenesulfonate may be added as aids 
for suspension stabilizers. 

The disperse phase is formed of a disperse 
phase component composed of a monomeric com- 
position. Any polymerizable monomers that are us- 
able in suspension polymerization may be em- 
ployed without particular limitation as the main 
component of the monomeric composition. Exam- 
ples are: styrene and its derivatives such as sty- 
rene f o-methylstyrene. m-methylstyrene, p-methyl- 
styrene. p-methyoxystyrene, p-phenylstyrene, p- 
chlorostyrene, 3.4-dichlorostyrene, p-ethylstyrene, 
2,4-dimethylstyrene, p-n-butyistyrene, p-tert-butyl- 
styrene, p-n-hexylstyrene, p-n-octylstyrene, p-n- 
nonylstyrene and p-n-decylstyrene; vinyl esters of 
organic acids such as vinyl acetate, vinyl pro- 
pionate and vinyl benzoate; methacrylic acid and 
its derivatives such as methacrylic acid, methyl 
methacrylate, ethyl methacrylate, propyl 
methacrylate, n-butyl methacrylate. n-octyl 
methacrylate, dodecyl methacrylate, 2-ethylhexyl 
methacrylate, stearyl methacrylate, phenyl 
methacrylate, dimethylaminoethyl methacrylate and 
diethylaminoethyl methacrylate; acrylic acid and its 
derivatives such as acrylic acid, methyl acrylate, 
ethyl acrylate, n-buty! acrylate, isobutyl acrylate, 
propyl acrylate, n-octyl acrylate. dodecyl acrylate, 
2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl 
acrylate and phenyl acrylate; vinyl ketones such as 
vinyl methyl ketone, vinyl hexyl ketone and vinyl 
isopropenyl ketone; N-vinyl compounds such as N- 
vinylpyrrole, N-vinylcarbazoie, N-vinylindole and N- 
vinylpyrrolidone; vinyl-naphthalenes; and other 
polymerizable monomers such as acrylonitrile. 
methacrylonitriie and acrylamide. These monomers 
may be used on their own or they may be com- 
bined to various formulations. 

Polymerization initiators are used in the 
present invention and they are preferably soluble in 
polymerizable monomers. Exemplary polymeriza- 
tion initiators include azo or diazo compounds such 
as ^'-azobisisotutyronitrile, 2,2'-azobis-(2,4- 
dimethyl-valeronitrile). and 2.2'-azobis-4-methoxy- 
2,4-dimethylvaleronitrile, and peroxide compounds 
such as benzoyl peroxide, methyl ethyl ketone 
proxide and isopropyl peroxycarbonate. 

In the present invention, two or more of the 
polymerization initiators listed above are preferably 
combined to various formulations for the purpose 



of controlling the molecular weight and its distribu- 
tion or for the purpose of controlling the reaction 
time. If necessary, the polymerization initiators may 
be used in combination with water-soluble initiators 
5 such as ammonium persulfate and potassium per- 
sulfate. 

The polymerization initiators are usually added 
in an amount of 0.1 - 20 parts, preferably 1 - 5 
parts, per 100 parts of the polymerizable mon- 

70 omeric mixture. 

Dyes, pigments and other ingredients may be 
added to the disperse phase as required. If pig- 
ments such as carbon black is added to the dis- 
perse phase, it can be used in the manufacture of 

15 electrophotographic toners. 

The disperse phase component and the con- 
tinuous phase component that are described above 
are introduced simultaneously into the disperser to 
prepare a dispersion comprising droplets having a 

20 predetermined size and size distribution and the 
dispersion is then subjected to suspension poly- 
merization. A reaction for suspension polymeriza- 
tion is usually carried out at polymerization tem- 
peratures of at least 50* C which should be deter- 

25 mined taking into account the temperature at which 
the added polymerization initiator is dispersed. If 
the polymerization temperature is too high, the 
polymerization initiator will decompose rapidly to 
cause adverse effects on the molecular weight and 

30 other characteristics of the polymer. 

The mechanism of action involved in the 
present invention is described below in connection 
with the prior art. 

Needless to say, in order to control the size of 

35 particles produced by suspension polymerization, it 
is important to control the size of droplets under- 
going polymerization reaction. The droplets are 
broken up by turbulent energy due to the agitation 
o the reaction solution or by the shear force of 

40 agitating blades. On the other hand, the droplets 
coalesce upon mutual contact. The final size of 
droplets is determined by the balance between 
these processes of breadkup and coalescence. 
As regards breadkup, the present inventors 

45 studied various methods for producing droplets 
having a size range not greater than 50 pm and 
found that the impact (shear force) created by 
blades in the dispersing apparatus was a predomi- 
nant factor in controlling the breadkup of droplets. 

50 The size of droplets formed by breadkup under the 
impact of blades depends on such factors as the 
state of droplets before breadkup, the intensity of 
shear force and the number of shear cycles. 
Droplets are subjected to shear force of the same 

55 strength irrespective of their size, so large droplets 
are broken up into smaller sizes under shear force 
but even if small droplets are supplied into an area 
where, shear force is applied, they are further 

8 
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broken up into even smaller sizes until they are 
eventually emulsified. The emulsified components 
can no longer coalesce to form large particles and 
they are simply wasted (loss). In ordinary dispers- 
es, droplets carried by circulating streams pro- 
duced under agitation are broken up into smaller 
sizes when they pass through the shear region; at 
the same time, those droplets may also be broken 
up into smaller sizes by turbulent energy in a 
tubulent field created throughout the apparatus. 
However, the movement of droplets flowing within 
the apparatus is close to a random movement, so 
the dividing conditions that are to be encountered 
by the individual droplets will unavoidably have a 
tendency to broaden the particle size distribution. 
Hence, the necessary condition for controlling the 
size of droplets is that all droplets of interest be 
exposed to shear force under as equal conditions 
are possible. Therefore, in order to achieve optimal 
control of particle size distribution, it is important 
that a solution to be dispersed having a constant 
state should be supplied to the area of the dispers- 
ing apparatus where shear force is applied. 

As regards the coalescence of droplets, it is 
considered to occur as a result of mutual contact of 
droplets. Generally, the smaller the size of par- 
ticles, the greater the surface energy per unit vol- 
ume and the stabler the particles that are available. 
Further, the factor that contributes to a broader size 
distribution is the presence of both large and small 
particles in the same system. Small particles tends 
to be absorbed by large particles with which they 
collide. However, in order to make particles suffi- 
ciently small to have an adequately stable inter- 
facial energy, a correspondingly large energy must 
be supplied, so it is effective to divide the particles 
as they are concentrated in a small shear region. In 
addition, it is essential to provide a condition that 
insures regular breadkup in such a way that shear 
force will be applied uniformly to all the particles 
present. 

In the present invention the disperse phase 
component and the continuous phase component 
are supplied via independent passageways directly 
into an area close to the shear region in the dis- 
perse at desired flow rates. Since the disperser 
comprises a tubular rotating part having a smooth 
outer surface and a stationary part having a smooth 
inner surface, the narrow gap between the two 
parts define the shear region in which the supplied 
components are given shear force in an efficient 
way as they are concentrated in that small shear 
region. Hence, according to the present invention, 
dispersing conditions such as the amount of 
droplets that pass through the shear region, their 
size and the ratio of disperse to continuous phase 
are placed under strict control to insure that both 
the disperse and continuous phases are subjected 



to shear force under conditions that are kept con- 
stant, whereby a dispersion comprising droplets 
having a narrow size distribution is obtained. 

5 Examples 

The following examples are provided for the 
purpose of further illustrating the second embodi- 
ment but are in no way to be taken as limiting. 

10 

Example 3 

A solution as a continuous phase component 
was prepared by dissolving polyvinyl alcohol 

75 (product of Tokyo Kasei K.K.; degree of polymer- 
ization, ca. 2,000; degree of saponification, ca. 80 
%) and sodium sulfate in water in respective 
amounts of 1 % and 3% of water, the thus pre- 
pared continuous phase was charged into the con- 

20 tainer 21 shown in Fig. 1. A disperse phase com- 
ponent was prepared by dissolving 15 g of 2,2'- 
azobisisobutyronitrile in a mixture of styrene (400 
g) and butyl acrylate (100 g) and charged into the 
container 22 shown in Fig. 1. 

25 In the next step, the disperse phase compo- 
nent and the continuous phase component were 
supplied into a disperser. The disperser had the 
. construction shown in Fig. 7 and the rotating part 
having a diameter of 50 mm at the thickest portion 

30 and that was spaced from the stationary part by a 
gap of 1 .00 mm was run at 9,000 rpm. The disper- 
sion emerging from the disperser was directed into 
the reaction vessel, in which a polymerization reac- 
tion was carried out at 85 °C for 8 hours under 

35 agitation with a turbine impeller at 300 rpm. 

The polymer composition thus obtained was 
cooled, filtered, washed thoroughly with water and 
centrifuged to produce a slurry of polymer par- 
ticles, which was then dried. 

40 The size of the polymer particles was mea- 
sured with a Coulter counter (aperture, 100 fim) 
and the results are shown by a size-frequency 
curve in Fig. 8. As shown, the polymer particles 
obtained in Example 1 had a narrow size distribu- 

45 tion, with the frequency of occurrence being the 
highest for particles having a size of ca. 5.1 /*m. 

Example 4 

so A solution as a continuous phase was prepared 
by dissolving calcium phosphate and sodium 
dodecylsulfonate in water in respective amounts of 
3% and 0.03% of water. The thus prepared con- 
tinuous phase was charged into the container 

55 shown in Rg. 1. A disperse phase was prepared by 
dissolving 15 g of 2,2 , -azobisisobutyronitrile in a 
mixture of styrene (400 g) and butyl acrylate (100 
g) and charged into the container shown in Fig. 1. 
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The subsequent procedures were the same as in 
Example 3. 

The size of the polymer particles obtained was 
measured with a Coulter counter (aperture, 100 
nm) and the results are shown by a size-frequency 
curve in Fig. 9. As shown, the polymer particles 
obtained in Example 4 had a narrow size distribu- 
tion, with the frequency of occurrence being the 
highest for particles having a size of ca. 4.8 /im. 

Having the features described, the method of 
suspension polymerization of the present invention 
permits a disperse phase component and a con- 
tinuous phase component to be supplied via in- 
dependent passageways directly into an area close 
to the shear region in a disperser at desired flow 
rates. Further, shear force is exerted in a con- 
centrated way in the narrow gap formed in the 
disperser between a tubular rotating part having a 
smooth outer surface and a stationary part having a 
smooth inner surface, and this enables the dis- 
perse phase to be dispersed in the continuous 
phase in a very efficient manner without foaming. 
Hence, according to the present invention, particle 
size and its distribution can be controlled in an 
easy way to permit the production of a polymer or 
a polymer composition that have a desired particle 
size and a narrow size distribution. This feature 
renders the present invention particularly useful in 
the manufacture of polymer materials that are re- 
quired to have very small sizes and narrow size 
distributions. 

Further, according to the present invention, the 
disperse phase component and the continuous 
phase component are prepared in independent 
vessels and supplied into the disperser through 
separate passageways, so the ratio of the two 
phases can be changed without causing substantial 
effects on other factors of manufacture. In addition, 
unlike conventional techniques that use batch reac- 
tors, the method of the present invention can be 
performed efficiently irrespective of the size of 
reaction vessel. Because of these advantages, the 
present invention increases the "flexibility" of pro- 
cess for manufacturing polymers or polymer com- 
positions and is readily adaptable to scale up and 
other design change in the process of manufacture. 

It is apparent that the invention is not limited to 
the foregoing specific examples and embodiments. 
For example, the asperities formed in the con- 
fronted surfaces of the stator 12 and the rotor 13 in 
Fig. 2 may be dispensed with and instead thereof, 
the smooth surfaces may be applied as shown in 
Fig. 10. In the same way, the smooth surfaces of 
the rotor 115 and the stator 118 shown in Fig. 7 
may be displaced by the asperity or corrugation 
surfaces as shown in Fig. 11. 

In using the asperities on the confronting sur- 
faces of the stator and the rotor, it is more prefer- 



able that the asperities or corrugations of the con- 
fronting surfaces be complementarlly arranged to 
form a constant clearance while allowing the rota- 
tion of the rotor 115, as shown in Fig. 12. With this 

5 arrangement, it is possible to increase an effective 
shearing surfaces since the complemental relation 
between the rotor and the stator 1 14 is kept during 
the rotation of the rotor 115. Of course, it is appar- 
ent that the cross section of the corrugation is not 

10 limited to the specific shape. It is possible to use 
asperities or corrugations having any cross sec- 
tions such as triangular, rectangular, rounded ones. 

Claims 

75 

1. A method of suspension polymerization of a 
monomeric composition to produce a polymer 
or a polymer composition, which method com- 
prises the steps of: 

20 retaining a disperse phase component 

composed of the monomeric composition and 
an continuous phase component composed of 
a medium in independent vessels; 

supplying said disperse phase component 

25 and said continuous phase component from 

their respective vessels into a disperser si- 
multaneously and continuously through asso- 
ciated independent passageways; 

applying shear force in said disperser to 

30 form a dispersion having droplets of a desired 
size, 

subsequently introducing said dispersion 
into a polymerization vessel; and 

completing a polymerization reaction to 
35 produce a polymer or a polymer composition. 

2. The method according to claim 1 wherein said 
disperser comprises a stationary part having a 
smooth inner surface and a tubular rotating 

40 part that is rotatably provided within said sta- 

tionary part and that has a smooth outer sur- 
face. 

3. The method according to claim 1 wherein said 
45 disperser comprises a stationary part having a 

surface having asperities and a tubular rotating 
part that is rotatably provided within said sta- 
tionary part and that has a surface having 
asperities. 

so 

4. The method according to claim 1 wherein said 
stationary part has asperities on its surface and 
a rotary axis extending in a vertical direction 
and said rotating part has asperities on its 

55 surface confronted vertically with the surface of 

said rotating part 

5. The method according to claim 1 wherein said 

10 
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stationary part has a smooth surface and a 
rotary axis extending in a vertical direction and 
said rotating part had a smooth surface con- 
fronted vertically with the surface of said rotat- 
ing part. 5 

6. The method according to claim 1 wherein said 
tubular rotating part has a length of at least 10 
mm. 

10 

7. The method according to claim 1 wherein said 
tubular rotating part rotates at revolution speed 
of 3,000 - 50,000 rpm. 

8. The method according to claim 1 wherein the 75 
outer surface of said rotating part is spaced 
from the inner surface of said stationary part * 

by a gap of 0.05 - 5.0 mm. 

9. In a method of suspension polymerization 20 
comprising the step in which a disperse phase 
composed of an addition polymerizable mon- 
omelic composition and a continuous phase 
containing a suspension stabilizer and other 
necessary polymerization aids are respectively 25 
retained in independent vessels and are sup- 
plied continuously into a granulator in con- 
trolled proportions through associated indepen- 
dent passageways to form a suspension hav- 
ing a group of polymerizable droplets of a 30 
desired size, and the step of recovering the 
suspension from said granulator and supplying 

it into a polymerization vessel in which a poly- 
merization reaction is completed to produce a 
polymer, the improvement wherein said dis- 35 
perse phase and said continuous phase are 
supplied independently into a shear force gen- 
erating field within said granulator, where a 
suspension is formed by shear force and al- 
lowed to leave said shear force generating field 40 
through a clearance of a specified size pro- 
vided int hat field, whereby the suspension 
having a group of polymerizable droplets of a 
desired size is produced. 

45 

10. The method according to claim 9 wherein said 
granulator generates shear force with a rotating 
part that rotates at a speed of 3,000 - 5,000 
rpm, preferably 10,000 - 30,000 rpm. 

50 

11. The method according to claim 9 wherein said 
granulator generates shear force with a rotating 
part that is spaced from a stationary part by a 
gap of 0.01 - 5.0 mm, preferably 0.05 - 2.0 
mm. 55 

12. An apparatus of suspension polymerization of 
a monomeric composition to produce a poly- 



mer or polymer composition, comprising: 

means for retaining a disperse phase com- 
ponent composed of the monomeric composi- 
tion and a continuous phase component com- 
posed of a medium in independent vessels, 

means for supplying said disperse phase 
component and said continuous phase compo- 
nents from their respective vessels; 

means for dispersing said disperse phase 
component with said continuous phase compo- 
nent supplied from said supplying means; 

means for applying shear force in said 
dispersing means to form a dispersion having 
droplets of a desired size; 

means for introducing said dispersion into 
a polymerization vessels; and 

means for completing a polymerization re- 
action to produce a polymer or a polymer 
composition. 

13. The apparatus according to claim 12 wherein 
said dispersing means a stationary part and a 
moving part confronted with said stationary 
part to form a gap therebetween. 

14. The apparatus according to claim 12 wherein 
said moving part is rotated around its own axis. 

15. The apparatus according to claim 13 wherein 
said moving part is confronted vertically with 
said stationary part. 

16. The apparatus according to claim 14 wherein 
said moving part is confronted horizontally with 
said stationary part. 

17. The apparatus according to claim 14 wherein* 
said stationary part has asperities on its sur- 
face and said moving part has asphericities on 
its surface confronted with the surface of said 
stationary part. 

18. The apparatus according to claim 16 wherein 
said stationary part has a smooth inner surface 
and a tubular rotating part that is rotatably 
provided within said stationary part and that 
has a smooth outer surface. 
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